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to -p h o sp h o ru s n b ack -d o n atio n . A linear correlation betw een the isom er shifts and the q u adrupole splittings has d em o n strated th a t the p h o sp h o ru s-to -iro n a d o n a tio n is offset by the iro n -to -p h o sp h o ru s n b ack -d o n atio n . The linear dependence o f the c o o rd in a tio n shifts on the isom er shifts has revealed th at the iro n -to -p h o sp h o ru s n b a c k -d o n atio n plays an im p o rta n t role in the F e -P bond. T here exists a stro n g interactio n between trans p h o sp h o ru s ligands th ro u g h the d^ o rb itals associated with the P -F e~P bond.
In troduction
In recent years a wide variety of iron carbonyl complexes with phosphines and phosphites have been prepared and characterized by spectroscopic techniques. O f these diverse types of iron carbonyl complexes, m onosubstituted Fe(CO)4L and disub stituted Fe(CO)3L2 com pounds (L = phosphine and phosphite) have been good model complexes for studying the F e -P and F e -C bonds. How ever, there have been relatively few systematic investigations on Fe(CO)3L2 complexes by infra red, 57Fe M össbauer, and 31P N M R spectroscopy [1 -3] . In the previous papers, we have prepared two different types of model complexes, i.e. m onosubstituted Fe(CO)4L and disubstituted Fe(CO)3L 'L 2 (L, L 1 or L-= phosphine or phos phite), and characterized the F e -P and F e -C bonds by correlating their spectroscopic param e ters [4, 5] , In the present work, we have prepared a series o f disubstituted Fe(CO)3L2 (L = phosphine or phosphite) and measured their infrared, 57Fe Mössbauer, and 3,P N M R spectra. The purpose of the present study is to complete the series of spec troscopic investigations on trigonal, bipyramidal iron carbonyl complexes with phosphine or phos-phite ligands in D 3h symmetry. In addition, the spectroscopic param eters of f/-a/7.s-Fe(CO)3L2 have been compared to those of Fe(CO)4L to obtain some insight into the differences in the F e -C and F e -C bonds in m ono-and disubstituted iron car bonyl complexes.
E x p erim en tal
D odecacarbonyltriiron, phosphines, and phos phites were purchased from Strem Chemicals Inc. and used w ithout further purification. All solvents were of reagent grade and generally used as re ceived. All m anipulations were carried out under dry argon to prevent oxidation o f the compounds. A series of /ra/7.9-Fe(CO)3L2 were prepared by reacting dodecacarbonyltriiron with phosphine or phosphite following published procedures [6] . A solution of 2.0 mmol of Fe3(CO),2 and 7 .0 -8.0 mmol of phosphine or phosphite in 60 cm3 of benzene was refluxed under an argon atmosphere for 4 -8 h, until the dark-green reaction mixture turned pale-yellow. After filtration with a glass fil ter, the reaction mixture was evaporated to dry ness in a rotary evaporator. All disubstituted rra/7s-Fe(CO)3L2 were obtained by any of the fol lowing methods: (1) The residue obtained was fractionated on an alumina column (1.8 * 30 cm) with a mixture o f benzene and hexane (20:80. V/V) followed by eluting with benzene. The yellow fraction eluted by benzene contained the disubsti tuted trans-Fe(CO)iL 2. (2) The desired trans-Fe(CO)3L2 was isolated as yellow crystals by wash ing the residue with a 100-cm3-mixture of benzene and hexane (20:80, V/V). (3) The residue obtained was eluted on an alum ina column using benzene, and a yellow fraction was collected. After evapo rating the benzene, the residue was dissolved in 1 cm3 of benzene, and 4.0 mmol of L (phosphine or phosphite) was added. The mixture was irra diated with a 24 W att UV lamp of W ako Electric Co. in a quartz tube for about 10 h. The reaction mixture was cooled, filtered, and then evaporated to dryness. If necessary, the product was further purified on a chrom atographical column. The di substituted Fe(CO)3L2 obtained were identified by their infrared spectra.
The infrared spectra were recorded on a BioRad D IG ILAB FTS-65 infrared spectrometer by the KBr disk method. The 57Fe M össbauer spectra were measured against a 57Co standard in Pd foil (The Radiochemical Centre, Amersham, England) using a Wissel constant-acceleration transducer. The absorber was cooled to 77 K, and the source maintained at room tem perature. The spectra were fitted to Lorentzian curves with an iterative, leastsquares com puter program . The isomer shifts were referred to the centroid of the sextet of iron foil kept at room tem perature. The proton-decoupled 1,02 Hz 31P N M R spectra were taken in a solution of deuterated chloroform with a Bruker AM 200 instrument at 300 K. The chemical shifts are refer enced externally to 85% H 3P 0 4 and are accurate to within ±0,1 ppm. Tolm an's / value is a measure of the electron donor-acceptor properties of the group attached to the phosphorus atom and is additive [8] . A linear correlation was observed between the CO stretch ing frequencies and the sum of the Tolm an's / val ues indicating that the triple nature o f the C -O
R esults and D iscu ssio n
All infrared spectra o f disubstituted transFe(CO)3L2 showed an intense, broad, but single CO absorption band. This observation is in good agreement with the group theoretical prediction that all rra«5-Fe(CO)3L2 belong approxim ately to Symmetrie group D 3h. The broadness of the ab sorption band may be due to a lowering in the molecular symmetry. In fact, the projection of the three groups attached to one phosphorus atom along the P -F e -P bond on the erh molecular plane does not overlap with that of the three groups a t tached to another phosphorus atom [7] . The CO stretching frequencies, vco, observed for transFe(CO)3L2, are listed in Table I together bond is strengthened with the increasing n accep tor capability o f phosphine or phosphite ligands. An im portant aspect o f the F e -C -O bonding is the ability of the n* orbital o f CO to act as an elec tron acceptor which has the effect of strengthening the F e -C bond and weakening the C -O bond. As shown in Fig. 1 , the slope of the regression line ob tained for disubstituted fra«.y-Fe(CO)3L, is about 3.4 times larger than that for monosubstituted Fe(CO)4L. This is ascribed mainly to the difference of the n acceptor capability between the carbonyl ligand and the phosphine or phosphite ligand. In general, phosphine and phosphite are poorer n ac ceptors, but better a donors than CO. Neverthe less, it is noticeable that the difference in the n ac ceptor capability of the phosphine or phosphite li gands is more sharply reflected in a series of disubstituted trans-Fe(CO)3L2.
All 7Fe M össbauer spectra of the model com plexes of the type Fe(CO)3L2 gave a quadrupole splitting doublet characteristic o f the trigonal bipyramidal iron carbonyl complexes with D 3h sym metry. The M össbauer spectroscopic parameters obtained are listed together with Tolm an's cone angles in Table II creasing tendency in the isomer shift is interpreted by the ligand-to-iron a donation and ironto-ligand n back-donation. It is noteworthy that the complexes with bulky phosphorus ligands, i.e. with a larger Tolm an cone angle, have a larger quadrupole splitting [9] , The quadrupole splittings are plotted against the isomer shifts in Fig. 2 . The quadrupole splitting increases with the isomer shift. This linear correlation with a positive slope dem onstrates that the a donation from the axial phosphorus ligand to the central iron is offset by the Fe-to-P n back-donation [10] . In other words, the P-to-Fe o donation increases synergetically with the Fe-to-P n back-donation. The isomer shifts of disubstituted /ra«^-Fe(CO)3L2 range from -0.132 to -0.078 m m s"1, which are essentially the same as those of m onosubstituted Fe(CO)4L. On the other hand, the quadrupole splittings o f transFe(CO)3L2 span a somewhat wider range than those of Fe(CO)4L. Thus, the slope of the regres sion lines obtained for the plot of the quadrupole splittings against the isomer shifts is steeper in mmy-Fe(CO)3L2 than in Fe(CO)4L. The correla tion coefficient between the quadrupole splittings and the isomer shifts is 0.705 in m*«s-Fe(CO)3L, and 0.877 in Fe(CO)4L. The correlation between these M össbauer param eters are statistically sig nificant in both /rtf/7s-Fe(CO)3L, and Fe(CO)4L at the 95% confidence level. The electronic factor based on the P-to-Fe cr donation and Fe-to-P n back-donation plays an im portant role in the li near correlation, but the steric factor originating from the conform ation of the groups adjacent to the phosphorus atom plays some role in the devia tion of the plots of the quadrupole splittings vs. the isomer shifts. All complexes of the type Fe(CO)3L2 exhibited a singlet resonance signal in their proton-decoupled 31P N M R spectra. The singlet of the phosphite complexes was generally observed downfield rela tive to the phosphine complexes. The apical phosphine or phosphite ligands of the trigonal, bipyramidal Fe(CO)3L2 cannot be differentiated by N M R spectroscopy from each other. A downfield shift accompanied by coordination o f the phos phine or phosphite ligands to the central iron(O) atom, the so-called coordination shift, was ob served for each complex. Both the chemical and coordination shifts are summarized in Table III , where the chemical shift o f free ligands is also list ed. It is very interesting to note that the coordina tion shift of phosphite complexes is smaller than that of phosphine complexes although the chemi cal shift of the corresponding free phosphite ligand is large compared to that of the free phosphine li gand. There was a linear correlation between the chemical shift of the free phosphine and the 685 change in the chemical shift on coordination. However, no good correlation could be found be tween the chemical shift for the free phosphite and the coordination shift for the corresponding phos phite complexes. This is interpreted by the change in the cone angle of the free ligand, i.e. the larger the cone angle of the free ligand, the smaller the coordination shift. The coordination shift reflects changes in the electron density around the phos phorus nucleus on going from the free ligand to the corresponding complex. Thus, it is also con cerned with changes in s character accompanied by changes in bond angles and/or coordination num bers. Consequently, the electrons that shield the phosphorus nucleus drift more from the phospho rus to the iron atom upon formation of phosphine complexes than in the case of phosphite complex es. The 3IP N M R chemical shift is a measure of the electron density around the phosphorus nucleus, while the 57Fe M össbauer isomer shift reflects the electron density at the iron nucleus. The coordina tion shift is plotted against the isomer shift in Fig. 3 . As expected, a linear correlation with a pos itive slope indicates that the P-to-Fe shift of the electron density parallels the decreasing s electron density at the iron nucleus. This correlation dem onstrates that the Fe-to-P n back-donation plays an essential role in the F e -P bond. As is shown in Fig. 3 for the plots of the coordination shift vs. the iso mer shift is larger in rn7m,-Fe(CO)3L2 than in Fe(CO)4L. This is a surprising observation be cause the a donor and n acceptor strengths of an F e -P bond in the trigonal bipyramidal transFe(CO)3L2 are well balanced by those of another F e -P bond. The larger coordination shift in the phosphine complexes is due to the shielding arising from the reduced n back-donation, while the smaller coordination shift is ascribed to the re duced shielding through the n back donation. Thus, the difference in the slope of the regression line indicates that this tendency is more enhanced in disubstituted Jra/?.s-Fe(CO)3L2 than in m ono substituted Fe(CO)4L.
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